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ABSTRACT
The purpose of this research is to determine the
relationship between the solid ink density and image
quality by application of an image quality scaling method.
The results quantify the relationship between image quality
and printed solid ink densities.
Six different solid ink density prints were produced,
including solid ink density 0.8, 1.0, 1.2, 1.4, 1.6 and
1. 8. A paired comparison evaluation procedure was used to
determine which of solid ink density prints was the best in
this experiment. The optimum tone reproduction
corresponding to the solid ink density which produced the
best possible image quality is shown by this experiment.
The image quality appears linear from solid ink
density 0.8 through 1.4. Above solid ink density 1.4 the
image quality increases slightly and peaks at solid ink
density 1. 6. The differences of image quality from solid
ink density 1.4 through 1.8 are considered small as
determined from the Judgement in this experiment.
Abstract Approved: thesis advisor
title and department
date
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CHAPTER I
INTRODUCTION
When a printer is going to reproduce a photograph, the
success of the printer in producing a good copy of the
photograph depends on a number of factors, including tone
reproduction, ink, paper, and so on. The black and white
photographic print is usually photomechanically reproduced
by a half tone process using a single ink film impression.
For producing intermediate tones, the printed area must be
broken up into a pattern of solid black dots on white
paper. *
In general, image quality of the original is an
important factor in the quality of reproduction. We also
realize that under certain conditions that a finer screen
ruling will give a better image quality, since the finer
screen ruling has a greater potential for reproducing
detail in the reproduction.
According to the results of the study of experimental
quantification of image quality loss due to screen ruling,
we know that the image quality scale appears to be linear
in terms of overall image quality of black and white
halftone prints. See Figure I.
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FIGURE I The relation between image quality and screen rulings
In this previous study it was thought that solid ink
density is a more important factor in predicting image
quality. The primary reason for this inference is that
very little difference is found among different screen
rulings, from the fine screens of 200 lines per inch down
to 133 lines per inch. a
For this reason, the purpose of this research is to
focus specifically on the effect of solid ink density and
to measure whether there is an image quality relationship
that can be developed between measured maximum ink density
and image quality.
STATEMENT OF THE PROBLEM
The range in density between the highlight and shadow
of a press sheet halftone is an important factor in
printing quality. * In fact, the image quality of the 200
line screen, 150 line screen, and 133 line screen is above
that of 100 line and 85 line screen, but there is no big
difference overall image quality between the 200 line
screen, the 150 line screen, and the 133 line screen.
It was found that the 150 line screen prints have a
higher subjective quality factor (SQF) than that of the 200
line screen prints on the average, since the 150 line
screen prints the average maximum density of 1.34 while
those of 200 line screen prints have the average maximum
4density of 1.24 on the average when the contrast index of
both types of prints is about the same. 5 Therefore, the
maximum density appears to be a variable which influences
image quality.
It predicts that the picture with slightly higher
maximum density looks slightly better within the singe
reader error. That a shift in the image quality is caused
by changing the maximum density is in the subject of this
research paper.
HYPOTHESIS
It is assumed that variation in solid ink density
prints will result in a variation in image quality.
For this research, we can hypothesize that the image
quality is a linear function of solid ink density or image
quality lost as a function of the solid ink density for a
variety prints.
FOOTNOTES FOR CHAPTER I
1. D. J. Howe and J. A. C. Yule, "Measurement of Dot Area
and Sharpness, " TAGA Proceeding. 1954, pp. 111-112
2. Chantana Tangseree, "Experimental Quantification of the
Image Quality Loss Due to the Effect of Screen
Ruling, " Printing Master's Thesis, Rochester
Institute of Technology, Rochester, New York, Nov.
1984, pp. 59
3. Ibid. pp. 60
4. George W. Jorgensen, "Quality Criterion for Tone
Reproduction II, " Graphic Arts Technical
Foundation Research Progress. 1972, pp. 59
5. Chantana Tangseree, pp. 59 - 60
CHAPTER II
LITERATURE REVIEW
INK DENSITY
It is generally accepted that on most printing
presses the ink film thickness can vary during the press
run. The reflectance of the printed area is determined
primarily by the fraction of the area is covered with ink.
Density is defined as follows:
Density = log ( 1 / R )
where R is the proportion of light reflected. *
The variations in ink film thickness metered out by
the printing press results in differences in ink film
thickness transferred to the paper. The effect of ink film
thickness on optical density is shown in Figure II.* When
printing an opaque ink, differences in optical density are
decreased from the differences between A and B to the
differences between Al and Bl as shown in the illustration.
People are not very efficient at remembering exact
levels of optical density. This is the reason that
densitometers are used to measure ink density.
M
CO
w
o
u
H
H
PM
O
Opaque ink
Transparent ink
B
INK FILM THICKNESS
FIGURE II Effect of ink film thickness on optical density
8PRINTING QUALITY
The definition of image quality includes a composite
of several factors including color and tone reproduction,
graininess, sharpness, and resolving power. It could also
be a function of the ratio of the reflectance changes
across various levels of detail represented by the fineness
of lines in the original, corresponding to the reflectance
changes in the lithographic print.
The measurement of image quality as a function of
solid ink density can be estimated by using the method of
comparison. Measured data from the printing density can be
ranked for each print using subjective judgements.
According to the Dr. E. M. Granger and K. N. Cupery's
study, J the Subjective Quality Factor is linearly
correlated image quality. See Figure III
"The points "0" were produced from images degraded by
defocusing. Points "A" and "E" were tests of image
asymmetry. Points "A" were from digital simulations and
points "E" were a result of the off-axis imagery of a
number of camera lenses. Points "G" were representative of
Gussian Optical Transfer Functions and points "S" simulated
centrally obstructed lenses. Points
"C" were analog of
simulations of contrast loss due to haze. In addition the
points "T" were a check on change in system
magnification. "4
The correlation between the predicated quality rank
and the subjective assessment is 0. 988.
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BRIGHTNESS PERCEPTION
The definition of brightness is that aspect of the
perception of a patch of light that varies most strongly
when its intensity is changed. s
Bartleson and Brenneman investigated the perception of
brightness in complex field by having a panel of judges
perform brightness-scaling using photographs illuminated at
a number of luminance levels.
The photographs were viewed with both illuminated
surround conditions, viewing a reflection point in a
well-
lighted room, and dark-surround conditions, slide
photograph protected in a dark room.
According to their studies brightness perception in
the complex field of a photograph is related to the
stimulus reflectances by a power fraction with exponential
decay. See Figure IV.
In this study, we are concerned with the responses of
the human viewer and his subjective sensations produced by
the luminance of the print. Brightness is of the
subjective sensation produced by luminanances or light
which reaches the eye.
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Foundation, Pittsburg, Pennsylvania, 1984, pp. 147
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4. Edward M. Granger, "Specification of color Image
Quality, " Thesis of Doctor Philosophy, The
Institute of Optics of University of Rochester,
Rochester, New York, 1974, pp. 45
5. Ibid, pp. 44 - 46
6. Tom N. Cornsweet, pp. 225
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CHAPTER III
METHODOLOGY
The originals which are used in this experiment are
black and white continuous tone photographic pictures.
This deals with the lithographic process black ink and
offset printing. Other parameters which are fixed include
tone reproduction, press speed, fountain solution, and
paper.
This quality will be varied by different solid ink
density levels, from low solid ink density to a high solid
ink density; or from just acceptable to excellent.
Standard prints will be used to calibrate these samples.
The halftone negative is produced by exposing the
continuous tone photographic picture through a contact
screen with a ruling of 150 lines per inch. The halftone
negative is used for platemaking and printing by
lithographic method.
The halftone prints are printed at different solid ink
densities. Tone reproductions of standard print in this
study correspond to solid ink density, regardless of other
factors. The control test targets are used for controlling
the quality of making halftone, platemaking and running
press. All printed solid ink densities are measured by a
densitometer.
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It is expected that there are going to be differences
in the level of image quality designated from one group of
observers to another because of the psychological quality
judgments of the observers. Therefore, we can't expect an
absolute scale to result from this experiment, but we do
expect a linear relation within the reading error of the
observers. The measurement of image quality as a function
of solid ink density is done by ploting solid ink density
as a function of the scaled image quality. Several judges
rated the relative quality of the images on a scale from 1
to 10 in a paired comparison method. The responses were
scaled with 1 representing very close print quality between
two prints and 10 representing a large difference between
two prints.
These subjective quality factors (SQF) 100, 70, 50
prints1 are used in this study for paired comparison with
different solid ink density as a variable. All judges'
ratings are converted to subjective quality factor (SQF) by
using LEAST matrix evaluation and a linear regression
method. As indicated by Figure I, the relation between the
objective quality factor (input quality) and subjective
quality factor is linear. As a result, the relation
between image quality and solid ink density is determined
by ploting objective reading versus subjective quality
factor.
15
OPTIMUM TONE REPRODUCTION
The best possible reproduction is dependent on
optimizing tone reproduction. The procedure described in
"A Miniature Test Form for Press Evaluation"* which
provides the information to adjust the halftone screening
operation for optimum tone reproduction is used for this
experiment. All the halftone prints are reproduced by
maintaining the tone reproductions curve as close to the
theoretical perfect reproduction curve as possible.
Obviously, the ideal reproduction in this study is one
which visually matches the original.
CRITERION OF JUDGEMENT
Visual observations are the basis of many of the
quality control decisions made in the printing industry.
The 5000 K standard light source is used for the subjective
evaluation because it represents an average white light
which is as neutral as possible. In this study, about 10
judges for each picture were used to judge image quality by
selecting randomly all pairs and showing one pair at a
time. The judges are naive and they cannot recall any pair
of those pairs or change the rating number. The distance
16
between the eye and the prints is approximately fifteen
inches, and they are not allowed to touch it. The dirty
spots, scratches, and buckling of some prints to be
ignored. The criterion of judgement is based only on the
judges'
satisfaction.
SUBJECTIVE EVALUATION BY PAIR COMPARISON
The comparison made by judges should be presented with
pair in random order. When reporting a difference, the
judge must indicate which of the prints in the pair he
considers to be better- That is the basis of comparison. 3
Where a clear difference is observed, 10 points are
given to be distance between the pair being judged. Where
a smaller difference is observed, 1- point is given to the
pair for the distance between them. After print A has
compared with the other prints, print B is then compared
with remaining prints and so on until all comparison is
complete. Ten judges' rating of subjective analysis are
collected for each picture. This method is used because
more information is received from pair comparison.
There are three categories of prints. Each category
contains six different solid ink density prints which are
arbitrarily referred to as A, B, C, D, E, and F. The
relative distances (differences) of the six prints can be
determined by taking one print as the starting point and
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determining the distances (differences) of the others from
this print.
The print A, one of the six prints, is arbitrarily set
to 0 and the distance of the rest of the five prints can be
measured from print A. There is a matrix CM! to determine
the relative distances. *
M =
B C D E F
-10 0 0 0
0-1000
0 0-100
0 0 0-10
0 0 0 0-1
1-10 0 0
10-100
10 0-10
10 0 0-1
0 1-10 0
0 10-10
0 10 0-1
0 0 1-1 0
0 0 10-1
0 0 0 1-1
(A-B)
(A-C)
(A-D)
(A-E)
(A-F)
(JB-C)
(B-D)
(B-E)
(B-F)
(C-D)
(C-E)
(C-F)
(D-E)
(D-F)
(E-F)
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In this matrix, the first row represents the distance
from A to B (A-B), the second A-C, the third A-D. . . . and so
on. Because of determining the distance of B from A, -1 is
set to the B column and the other columns are set to 0 in
this experiment. The others are determined similarly to
the first row. There are fifteen combinations which are
shown to judges.
[MI tS. V. I = [0. V. I
T T T
( [Ml [MI ) [MI * [MI * (S. V. ) = M [0.V. 3
T -1 T
(S. V. ) = ( [MI [MI [MJ ) (0. V. )
Where S. V. = the values of the final rank are from 1 to 6
as scale values
0. V. = the values of distances which are obtained
by showing prints to judges as observed
values
The least squares solution to [Ml matrix is the matrix
LEAST
T -1 T
LEAST = ( [MI ?[MI) [MD
Which is a 5 X 15 matrix shown by the following:9
LEAST matrix
-1/3 -1/6 -1/6 -1/6 -1/6 +1/6 ?1/6 ?1/6 ?1/6 0 a 0 0 0 0
-1/6 -1/3 -1/6 -1/6 -1/6 -1/6 0 0 D +1/6 +1/6 +1/6 0 0 0
-1/6 -1/6 -1/3 -1/6 -1/6 0 -1/6 0 0 -1/6 0 0 ?1/6 ?1/6 a
-1/6 -1/6 -1/6 -1/3 -1/6 0 0 -1/6 0 0 -1/6 0 -1/6 0 ?1/6
-1/6 -1/6 -1/6 -1/6 -1/3 0 o 0 -1/6 0 0 -1/6 0 -1/6 -1/6
19
This matrix [LEAST] is multiplied by the distance
matrix [DISTANCE] to give the relative ranking of the
prints. This distance matrix is determined by each judge
by using paired comparison techniques. Depending on the
judge response, the values (distances) are positive or
negative numbers which are referred to as the distance
matrix [DISTANCE].
The 5 X 15 matrix [LEAST] is multiplied by 1 X 15
matrix [DISTANCE] to give a 1 X 5 matrix indicating the
relative distances from print A which is used as a starting
point in this study.
All these relative distances are converted to the same
scale to get relative reading by using the linear
regression.
LINEAR REGRESSION
Any set of paired observations will be plotted on the
graph paper in this experiment, and a point is going to
represent each pair of observations. The overall pattern
of the relationships is reasonably well described by a
straight line which provides an average statement about the
change in one variable with change in the other- It
describes the trend in the data and is based on all the
observations.
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The linear equation is used to provide close
approximation and provide the best possible fit to the data
points. The criterion is based on the method of least
squares which requires that the line which is fit to a set
of data points be such that the sum of the squares of the
vertical deviations of the points from the line is a
minimum.
The equation for the regression line of Y on X is
given by
Y = a ? b X
Where b = slope of the regression line
a = point where the line intercepts the X axis
The values of a and b may be calculated from the
following formulas:
(Ijxi*2)-(I*x;
(2>2)-(I2
f,_"C-Q>Xlj')
(2>*)-(I*)2
Where n = samples size6
After all the same scale relative readings are
calculated by using regression line, the best possible
actual distance is equal to the average for each print with
standard deviation. The formulas which are used to
21
calculate the mean ( X ) and standard deviation ( s )7 are;
X =
n
/I(*-*)2
V n - 1
The ranking of image quality is given from 1 to 6; 1
represents the best and 6 represents the worst. The
subjective quality factors 100, 70, 50 prints which are
used in Chantana Tangseree 's thesis are used in this
experiment to determine the relative subjective quality
factor. The corresponding observations and calculations
are tabulated in the Appendix.
22
EXPERIMENTAL PROCEDURE
1. Running press with RIT 150 line symmetrical target and
find out when solid ink density is equal to 1.6, the
50% dot density is equal to 0. 59, then the best
midtone placement density is 0. 6, which can be found
by ploting on the RIT TR Graph paper Type 2.
2. Select 150 line screen, and the highlight and shadow
densities of black and white photographic pictures are
measured by densitometer.
3. Use the RIT, T & E center, halftone exposure time
program to figure out Main, Flash and Bump exposure
time and show halftone negatives with RIT 30 steps of
camera test scale for controlling quality of halftone
negatives.
4. Prepare the layout and strip halftone negatives on
mylars, including RIT 150 line symmetrical target,
GATF star target & slur test strlpscale and solid
bar across all image for controlling quality of the
prints.
5. Expose the flats through plate, develop plate and
mount plate on the sheetfed press.
6. Print on coated paper by using black ink and try to
obtain the best quality with different solid ink
densities by measuring density of the solid area.
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7. Try to get solid ink density from 0.8 to 1.8.
8. Trim all prints to be the same size, and identify the
the back of each print the solid ink density.
9. Select solid ink density 0.8, 1.0, 1.2, 1.4, 1.6 and
1.8 which are arbitrarily referred to as A, B, C, D,
E and F by random and shown to judges by the method of
pair comparison.
10. Tell the judge about the criterion of judgement, the
viewing condition and arbitrary difference ratings as
well.
11. Ask each judge to rate the differences (distance) of
each pair.
12. The [LEAST] matrix multiple the [DISTANCE] matrix to
get actual distance from A and convert to the same
scale by using regression line method for getting
relative reading.
13. Average all relative readings of the same scale with
standard deviation, and rank quality from 1 through 6.
14. Select ranking 1, 4 and 6 prints of each group and
subjective quality factor 100, 70 and 50 prints which
were used in Chantana Tangseree 's thesis to replace
ranking 2, 3 and 5, and repeat steps 10 - 13.
15. Find out the relative reading of subjective quality
factor and average all different photographic pictures
relative reading of subjective quality factor.
24
16. Plot solid ink density versus the subjective quality
factor, and determine the relationship between the
image quality and solid ink density.
25
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CHAPTER IV
RESULTS AND RESULTS DISCUSSION
The results of this experiment are concluded in
Table I and shown in Figure VIII.
Table I The average of SQF and each print SQF with
different solid ink density
Solid Ink Subject! ve Quality Factor Average
Density City Building Girl SQF
0.8 68. 31 83.0 70.8 74. 04
1.0 77. 69 103.89 80. 1 87. 22
1.2 88. 15 121.0 93.6 100. 92
1. 4 104. 46 134. 0 107.2 115.22
1.6 112.31 136.67 116. 9 121.96
1.8 112.0 129. 11 128.9 123.33
27
FIGURE V 150 Line Screen Ruling, Solid Ink Density =0,8
28
EIGURE VI 150 Line Screen Ruling, Solid Ink Density =1,0
29
FIGURE VII 150 Line Screen Ruling, Solid Ink Density =1,2
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FIGURE X 150 Line Screen Ruling, Solid Ink Density =1,8
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FIGURE XI The relationship between image quality and solid ink density
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As indicated by Figure XI image quality scaling is
shown as an approximately linear relationship with solid
ink density. The subjective image quality increases with
solid ink density. In other words, the image quality is
descending in a linear pattern and each point drop by
approximately the same distance along the line.
The difference in image quality is shown to decrease
at a SID level of approximately 1. 4. The image quality of
Bolid ink density 0.8, solid ink density 1.0 and solid ink
density 1. 2 drops noticeably in this experiment.
In this experiment, the tone reproduction corresponds
to solid ink density 1.6, and this is assumed that the
solid ink density 1.6 print has best image quality. It is
obtained that the solid ink density 1.6 of prints city and
building has higher subjective quality image than the other
solid ink density prints which are shown in Table I.
But the solid ink density 1.8 of prints girl has best
subjective image quality among the prints girl with
different solid ink densities, it is assumed that a little
higher solid ink density looks higher contrast, and a
slightly better image quality, even though there are no big
differences among the quality from solid ink density 1. 4
through 1.8, and the difference between solid ink densities
1.6 and 1.8 is smaller than that between solid ink
densities 1.4 and 1.6.
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Another reason is that there is no detail on the
background of the print girl, and a little higher solid ink
density will have little effect on image quality. An
increase in the contrast of the print is the result. From
this point, it could be predicted that the image quality
will be dropped since solid ink density is higher than 1.8
in this experiment. Because printed too much solid ink
density will loss shadow areas detail and more dot gain
happen will affect image quality.
It is possible for every single judge to have error
when they made the judgments in this experiment. The
agreement of judges concerning the image qualities is
2
determined by the coefficient of correlation, r , which is
the measure of the strength of linear relationship between
two variables; solid ink density and image quality are the
two variables in this study.
2
The linear correlation coefficient, r , always has a
2
value between 1 and 0. If r is equal to 1, a perfect
linear correlation is indicated. All the observations are
2
expected to fall exactly along the regression line. If r
is equal to 0, this indicates no linear correlation
between the solid ink density and image quality. In this
study, the value of r| is used to substitute the value of
2 2
r , since any r < r except 0 and 1, and r will give
a more close degree of linear relationship between the
solid ink density and image quality than the corresponding
36
2
r does. There is a formula to calculate the r,
coefficient of linear correlation', as following:
r = "g-(Ixy
XL x') -(Y.W2/hQ; y>) - < yf
where x = individual input data
y = individual output data
The average value of r is equal to 0. 9892 in this
experiment. See Table II.
Table II Average r values of all prints
Prints
City 0. 9821
Building 0.9263
Girl 0.9915
Average 0. 9892
The above indicates that about 98. 92'/. of the data
points fall on the straight line with 1.08*/. of the data
points unexplained by the line of regression.
37
In other words, there is a 98. 92% linear relationship
between the solid ink density and image quality. It is
with about 1.08"/. error when the solid ink density within
the correspondence tone reproduction increases as the image
quality increases.
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FOOTNOTES FOR CHAPTER IV
1. John E. Freund, "Modern Elementary Statistics, "
six edition, Prentic Hall, Inc. , Englewood
Cliffs, New Jersey, 1984, pp. 442
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CHAPTER V
CONCLUSIONS
The loss in image quality due to halftones is still a
problem. The optimum tone reproduction is to hold the best
possible image quality and it is corresponds to the printed
solid ink density. The subjective image qualities are
higher than 100, since there are higher quality prints than
the subjective image quality 100, 70 and 50 prints due to
different printing condition.
Most people have already known qualitative effect of
tone reproduction with corresponding solid ink density
under certain condition on image quality but nobody had
quantified the different qualities produced by different
solid ink densities. In this study, the relationship
between image quality and solid ink density is quantified.
According to the results, the image quality scale
appears linear all the way down in terms of different solid
ink densities prints, the differences in image quality due
to solid ink density 1.4 through 1.8 are small in this
experiment.
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APPENDIX A
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FIGURE Al 150 Line Screen Ruling, SqF=50
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EIGURE A2 150 Line Screen Ruling, SQF=70
FIGURE A3 150 Line Screen Ruling, SqF=100
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APPENDIX B
i i
Halftone Preparation. Stripping. Platemaking and Printing
48
Halftone;
Densitemeter :
Integrater :
Film:
Contact Screen:
Process Camera:
Film Processor:
Macbeth TR 927
Carlson Exposure Computer,
Carlson memory bank, RIT
halftone exposure time program,
& HP calculator for exposure
time calculation
3M Lith film QA4
3m Magenta Positive Elliptical
150 lines per inch
KLIMSCH Camera
LogE LD-24
Processor Chemistry:
Developer - 3M AQD Lith Developer part A/B
Replenishment - 3M AQR Lith Replenisher part
AR/BR/CR
Fixer - DuPont Liquid Fixer
Stripping :
Material :
Platemaking:
Plate:
Exposure equipment:
Development machine:
Mylars, golden rods, and red
tapes
3M Tartan 60 size 27.5" x 32.5"
x 0. 12"
Negative Substrative Two sided
nuarc plate fram
FT 40 V2 UP
Chemistry: 3M machine developer
clear substractive plate glum
Control target: URGA plate control wedge
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Printed Sheet:
Paper: Coated paper Black & White Enamel
2
Size: 17.5" x 22.5" Weight: 701b (104g/m )
Color: white Finish: gloss Grain: long
Ink: Superior printing inks
Offset hard dry Black B-2500
Press: ATF Solna offset 129
Control tested targets:
RIT symmetrical scales
GATF start target and slur target
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Paired Comparison Evaluation Sheet
Direction:
1. The following characters ( A, B, C, D, E, F) represent
different print.
2. Please select one of each pair (+A-B, +A-C, . . . )
which you prefer, and put "+" or "-" in front of
the character that you prefer on the blank.
3. When you mark the number to represent the
difference between two prints, the number is
assigned from 1 to 10. Number 1 (or 10) means
these two prints look like very close (or quite
different ) .
4. Please try to be consistant throughout this test.
PAIR PRINT 1 PRINT 2 PRINT 3
+A-B
+A-C
+A-D
+A-E
+A-F
+B-C
?B-D
+B-E
?B-F
+C-D
+C-E
+C-F
+D-E
+D-F
+E-F
General ( Experienced (
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APPENDIX D
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Topics: paii comparison appraisal *
Author: Chia-Wei Wu *
Description: (see methodology "paired
comparison"
in the thesis delivered by Chia-Wei Wu ) *
program pair_comparison (input, output);
type matrixi=array[l. . 5, 1. . 15] of real;
matrix2=array[l. . 15, 1. . 1] of real;
matrix=array[l. . 5, 1. . 1 ] of real;
var matl = matrixl; { initial mother matrix }
mat2 = matrix2; { input matrix )
mat = matrix; { output matrix )
a, 1, j = integer; { global matrix pointer
procedure init_mat(var matl : matrixl);
begin ( init_mat }
for i : = 1 to 5 do
for J:= 1 to 5 do
if (i=j) then
matl [i,j] := -1/3;
else mati[i,j]:= -1/6;
for i : = 1 to 5 do
for j : = 6 to 9 do
if (i=l) then
matl[i, j] :=l/6
else if (i=j-4) then
matl[i,j]:= -1/6
else matl[i,j]:= 0.0;-
for i : = 1 to 5 do
for j:= 10 to 12 do
if (1=2) then matl[i, j]:= 1/6
else if (i=j-7) then
matl[i,j]:= -1/6
else matl[i,j]:= 0.0;
for i:= 1 to 5 do
for j := 13 to 15 do
if ((i=l) or (1=2)) then matl[i,j]:= 0.0
else matl[i,j]:= -1/6;
matl[3, 13] :=l/6;
mat[3, 141:=l/6;
matl[3, 15] :=0.0;
matl[4, 14] :=0.0;
matl[4, 15] :=l/6;
mati[5, 13] :=0.0;
end; <init_mat }
procedure inputmat (var matr :matrix2) ;
begin ( inputmat >
for i:=l to 15 do
read (matrti, 1]);
end; (inputmat )
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procedure process (matl : matrixl;
mat2 : matrix2;
var mat : matrix);
var sum: real;
begin ( process )
for i:=l to 5 do
begin
sum : = 0. 0;
for j:= 1 to 15 do
sum := sum + matl [ i, j ]mat2[ j, 1 ] ;
mat [i, 1 ] : = sum;
end;
end; { process }
procedure outputmat (matr : matrix);
begin < outputmat }
writeln;
writeln(' Data after matrix multiplication are :');
writeln(' ');
writeln;
for i : = 1 to 5 do
write (matr [i, 11:8:2);
writeln; writeln;
end; ( outputmat )
procedure printmatl;
begin { printmatl )
writeln; writeln;
writeln
('
mother matrix dump are : ');
writeln;
for 1 : = 1 to 5 do
begin
for j:= 1 to 15 do
write (matl [1, j] :5:2) ;
writeln;writeln;
end
end: { printmatl >
procedure printmat2;
begin { printmat2 }
writeln;
writeln
(' input data are :');
writeln;
for i:= 1 tot 15 do
write(mat2[i, 11 :5:2) ;
writeln; writeln;
end; ( printmat2 >
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procedure standard_deviation;
var n : integer;
s, b : real;
begin
writeln(
'
*****print average
+- standard
deviation**t );
writeln;
for j : = 1 to 6 do
begin
b : = 0;
n : = 0;
for 1 := 1 to 10 do
begin
b := b + sqr(matl[i, j] - mat2[j]>;
n := n i- 1;
end;
s : = sqrt ( b / n ) ;
mat3Cj] := s;
write(' ');
write (mat2[ j] :6:2) ;
write(' ?- ');
write(mat3[j]:6:2) ;
writeln;
writeln;
end;
end;
begin
data;
average;
standard_deiation ;
end.
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*
* Topic: Average and Standard Deviation *
Author: Chia-Wei Wu *
Description: To find out the average and standard *
* deviation *
program average_standard_deviation ( input, output )
type matrixl=array[ 1. . 10, 1. . 61 of real;
matrix2=array [ 1. . 6] of real;
matrix3=array[ 1. . 6] of real;
var 1, j : integer;
matl : matrixl;
mat2 : matrix2;
mat3 : matrix3;
procedure data;
begin
writeln(' **print data***');
writeln;
for i := 1 to 10 do
begin
for j := 1 to 6 do
begin
read (matl[i, J]);
write(matl[i, j]:8:2> ;
end;
writeln;
end;
end;
procedure average;
var sum, a : real;
n : integer;
begin
writeln;
for j := 1 to 6 do
begin
sum := 0;
n := 0;
for i := 1 to 10 do
begin
sum := sum * matl[i, j];
n := n + 1;
end;
a := sum / n;
mat2[j] := a;
end;
end;
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procedure sum_xx_yy;
var u : real;
begin
for i := 1 to 10 do
begin
u : = 0;
for j := 1 to 6 do
u := u + sqr(matl[i, j] ) ;
mat4[i] := u;
end;
end;
procedure print_data;
begin
writeln('
****print data*****');
for i : = 1 to 10 do
begin
for j := 1 to 6 do
write (matl [1, j] :8:2) ;
writeln;
end;
writeln;
end;
procedure a_b_r;
var c, d, e, f, g, h, n, y : real;
begin
for i := 2 to 10 do
begin
n := 6;
e := mat2[i]mat4[l] - mat2[ 1 ] *mat3[i] ;
f := n*mat4[l] - sqr (mat2[ 1 ] ) ;
mat5[i] := e / f;
g := n*mat3[iJ-mat2[l]*mat2[i] ;
h := nmat4[l ]-sqr (mat2[l ] ) ;
matSti] := g / h;
c := n*mat3[i]-mat2[l]*mat2[i] ;
d := sqrt ( (n*mat4[ 1 ]-sqr (mat2[l] ) ) ) sqrt ( (nmat4[i]~
sqr(mat2[i] ) ) ) ;
mat7[iJ := c / d;
writeln;
write ( ' a = ' ) ;
writeln (mat5[ i] :6:2 ) ;
write ( ' b = ' ) ;
writeln (mat6[ 1 ] :6:2) ;
write ( ' r = ' ) ;
writeln (mat7[i ] :6 : 4 ) ;
writeln;
writeln(' *****print related reading****');
writeln;
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for j : = 1 to 6 do
begin
y := (matl[i,j]
- mat5[i]) / mat6[il;
matS[i, j ] := y;
write (mat8[i, j]:8:2) ;
end;
writeln;
writeln ( '
' * i
writeln;
end;
end;
begin
sum_x_y ;
sum_xy ;
sum_xx_yy ;
print_data;
a_b_r ;
end.
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*
*
*
Topic:
Author :
Description:
Liner Regression *
Chia-Wei Wu *
To find out the coefficient of *
correlation (r) and regression line *
for getting related values from
*
different data *
program liner_regression ( input, output ) ;
type matrixl=array [ 1. . 10, 1. . 6] of real;
matrix2=array [ 1. . 10] of real;
matrix:3=array [2. . 10] of real ;
matrix4=array [ 1. . 101 of real ;
matrix5=array [2. . 10] of real ;
matrix6=array [2. . 10] of real ;
matrix7=array [2. . 10] of real ;
matr1x8=array [2. . 10, 1. . 6] of real ;
var 1, j : integer;
matl : matrixl ;
mat2 matr1x2;
mat3 matrix3;
mat4 matr1x4;
mat5 matrixS;
mat6 : matrix6;
mat7 : matrix7;
mat8 : matrix8;
procedure i3um x_y;
var t : retal?
begin
for i : := 1 to 10 do
begin
t := 0;
for J := 1 to 6 do
begin
read (matl[i,j]>;
t := t ? matl[i,j];
end;
mat2[il : = t;
end;
end;
procedure sum_xy;
var s : real;
begin
for i := 2 to 10 do
begin
s := 0;
for j := 1 to 6 do
matl[l, j]*matl[i, j];
mat3[i]
end;
= s;
nd;
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begin { main }
init_mat(matl ) ; ( initialize our basic matrix[5*15] )
printmatl ;
inputmat (mat2) ; < input the first matrix[15*l] >
printmat2;
process (matl, mat2, mat) ;
outputmat ( mat ) ;
while not eof do
begin
inputmat ( mat 2 ) ;
{ input the second (and the after) matrix [15*1] >
printmat2;
process (matl, mat2, mat) ;
outputmat ( mat ) ;
end
end. (main)
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APPENDIX E
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RESULTS FOR PRINT: CITY
Table 1.1 Pa ired Compari son Data, Total Judges - 10
A vs. B -3 -6 -3 -3 -4 -4 -3 -7 -5 -2
A vs. C 1 1 1 1 1 1 1 2 3 -5
A vs. D 2 3 2 2 1 3 2 3 4 2
A vs. E -2 -5 -2 -2 -1 2 -2 -2 -2 3
A vs. F -2 -6 -3 -3 -3 3 -1 -5 -3 -5
B vs. C 3 7 4 5 4 5 4 8 5 -4
B vs. D 6 7 5 7 6 6 5 9 5 4
B vs. E 2 -3 2 -3 2 -3 -3 4 -4 8
B vs. F 1 3 -1 -1 -2 -2 -2 -3 1 3
C vs. D 1 1 1 1 -1 1 1 2 3 2
C vs. E -3 -8 -1 -2 -3 -2 -2 -4 -3 2
C vs. F -4 -6 -4 -3 -3 -3 -4 -a -3 -7
D vs. E -4 -a -3 -5 -3 -4 -2 -5 -3 -6
D vs. F -5 -5 -6 -4 -5 -5 -3 -10 -4 -9
E vs. F -1 -4 -3 -1 -1 1 1 -2 -5 -8
Table 1.2 Actual Distance from A == [LEAST] X [DISTANCE]
No. B C D E F
1 3. 17 -1.00 -2.33 1.67 2.50
2 5.50 -1. 33 -1.83 5.50 5. 17
3 3.00 -0.67 -2.00 1.00 3.67
4 2.67 -0.83 -2.33 2.67 2. 83
5 3.33 -1.00 -1.33 1.67 3.33
6 0.83 -2.50 -4. 00 0.50 0. 17
7 1.67 -1. 17 -1.67 2. 17 2. 00
8 5.67 -1.83 -3. 33 2.33 6. 17
9 2.50 -1. 33 -2.67 1.67 2. 83
10 5. 17 -1.33 -3.50 3.33 5.33
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Table 1.3 Related reading calculated from regression line
No. /i B C D E F
1 0. 00 3. 17 -1. 00 -2. 33 1. 67 2. 50
2 -0. 69 2. 76 -1. 52 -1. 84 2. 76 2. 55
3 -0. 18 2. 88 -0. 87 -2. 23 0. 84 3. 57
4 -0. 16 2. 50 -0. 99 -2. 49 2. 50 2. 66
5 -0. 38 3. 11 -1. 43 -1. 78 1. 37 3. 11
6 1. 67 2. 66 -1. 33 -3. 13 2. 27 1. 87
7 0. 00 2. 24 -1. 58 -2. 25 2. 92 2. 69
8 -0. 17 3. 00 -1. 19 -2. 03 1. 13 3. 28
9 0. 18 2. 63 -1. 12 -2. 43 1. 81 2. 95
10 -0. 22 2. 83 -1. 00 -2. 28 1. 75 2. 93
Table 1.4
Print SID Actual Distance Ranking
4
2
5
6
3
1
A 1. 20 0.01 +- 0.60
B 1.80 2.78 +- 0.27
C 1. 00 -1.20 - 0. 24
D 0. 80 -2.28 +- 0. 36
E 1.40 1.90 +- 0.66
F 1.60 2.81 +- 0.45
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RESULTS FOR PRINT: BUILDING
Table 2. 1 Paired Comparison Data, Total Judges - 10
A vs. B -4 -6 -6 -5 -3 -6 -4 -3 -2 -7
A vs. C -3 -5 -5 -4 -2 -4 -3 -2 -4 -8
A vs. D -2 -2 -2 -2 -1 -2 -1 -2 -3 -6
A vs. E -2 -1 -1 -1 -1 -1 -1 -1 -2 -5
A vs. F -3 -4 -2 -4 -2 -3 -3 -2 -4 -a
B vs. C -1 -1 -1 -3 -1 -1 -1 1 1 -3
B vs. D -2 3 -3 4 -2 6 -4 -2 -2 5
B vs. E 4 4 3 5 3 5 4 -1 1 3
B vs. F -1 -2 -4 -3 -1 3 -2 2 -1 -1
C vs. D 2 2 1 2 1 -1 2 3 2 2
C vs. E 3 3 2 4 -2 4 -2 -1 2 3
C vs. F 1 -1 -1 1 1 1 1 2 1 -1
D vs. E 1 1 1 1 1 1 1 1 3 1
D vs. F -2 -2 -1 -1 -1 -2 -1 1 -1 -3
E vs. F -2 -4 -3 -3 -2 -2 -2 -3 -1 -2
Table 2.2 Actual Distance from A = [LEAST] X [DISTANCE]
No. B C D E F
1 3. 00 4. 00 2. 50 1. 00 3. 50
2 4. 67 4. 67 2. 33 1. 17 5. 17
3 2. 83 4. 00 3. 33 1. 33 4. 50
4 4. 00 5. 00 2. 00 0. 67 4. 33
5 1. 83 2. 00 1. 83 1. 00 2. 33
6 5. 00 4. 17 2. 00 0. 83 3. 17
7 2. 17 2. 50 2. 17 1. 50 1. 67
a 2. 17 2. 83 2. 50 1. 33 3. 17
9 2. 67 3. 83 3. 33 1. 67 3. 50
10 7. 50 8. 17 5. 17 5. 00 a. 17
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Table 2. 3 Related reading calculated from regression line
No. Ai B C D E F
1 0. 00 3. 00 4. 00 2. 50 1. 00 3. 50
2 0. 08 3. 59 3. 59 1. 83 0. 96 3. 96
3 -0. 17 2. 49 3. 59 2. 96 1. 08 4. 06
4 0. 30 3. 35 4. 12 1. 62 0. 81 3. 60
5 -0. 51 2. 96 3. 28 2. 96 1. 39 3. 91
6 0. 07 4. 55 3. 80 1. 86 0. 81 2. 91
7 -1. 00 3. 34 3. 99 3. 34 2. 00 2. 34
8 -0. 45 2. 57 3. 49 3. 03 1. 40 3. 96
9 -0. 46 2. 52 3. 82 3. 26 1. 40 3. 45
10 -0. 67 3. 30 3. 66 2. 07 1. 98 3. 66
Table 2.4
Print SID Actual Distance Ranking
-0.28
+- 0.38 6
3
1
4
5
2
A 0.80
B 1.80
C 1.60
D 1.20
E 1.00
F 1. 40
3. 17 + - 0.59
3.73 + - 0.25
2.56 + - 0.59
1. 28. + - 0.41
3.53 + - 0.51
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RESULTS FOR PRINT: GIRL
Table 3. 1 Pa ired Compar ison Data, Total Juidges - 10
A vs. B 2 2 4 2 3 4 2 5 5 3
A vs. C 2 2 -1 3 3 2 4 3 5 3
A vs. D 1 1 2 -1 3 -1 -3 2 2 2
A vs. E 3 3 5 3 4 6 3 4 6 4
A vs. F -1 1 -1 1 2 -1 -4 -3 -3 -1
B vs. C -1 -1 1 -2 -2 -1 -5 -2 2 -1
B vs. D -2 -1 -4 -1 -4 -3 -6 -4 -6 -2
B vs. E 1 1 3 -1 -1 1 3 2 2 1
B vs. F -4 -3 -5 -5 -3 -4 -4 -5 -5 -5
C vs. D -1 -1 -3 -2 -2 -3 2 -3 -3 -1
C vs. E 2 2 5 1 1 1 3 4 2 2
C vs. F -3 -2 -4 2 -3 -3 -3 -4 -6 -4
D vs. E 2 2 1 4 4 3 4 5 4 4
D vs. F -2 -2 -3 -5 -4 -2 -3 -3 -3 -3
E vs. F -5 -4 -6 -5 -5 -6 -2 -6 -a -6
Table 3.2 Actual Distance from A = [LEAST! X [DISTANCE]
No. B C D E F
1
2
3
4
5
6
7
a
9
10 -3.50 -2.67 -1.50 -4.67 1.33
2. 50 -1.67 -0. 83 -3. 33 1.33
2. 50 -1.83 -1.33 -3. 50 0. 17
3. 00 -1. 83 -1.00 -4.83 1.67
3. 17 -1.33 -0.83 -3.33 0.67
4. 67 -3. 33 -2.00 -4.67 -0. 33
3.50 -2.67 -0. 33 -4. 50 1. 00
2.67 0. 17 1.00 -2. 83 2. 33
4. 17 -2. 50 -0.67 -5.33 1.67
4. 50 -4.83 -1. 17 -6. 17 1.67
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Table 3. 3 Related reading calculated from regression line
No. A B C D E F
1 0. 00 -2. 50 -1. 67 -0. 83 -3. 33 -1. 33
2 0. 66 -2. 39 -1. 57 -0. 96 -3. 61 0. 87
3 -0. 04 -2. 29 -1. 42 -0. 79 -3. 67 1. 21
4 0. 26 -3. 13 -1. 16 -0. 63 -3. 30 0. 97
5 1. 02 -3. 06 -1. 89 -0. 79 -3. 06 0. 73
6 0. 16 -2. 62 -1. 96 -0. 10 -3. 42 0. 95
7 -0. 86 -3. 31 -0. 71 0. 05 -3. 45 1. 27
a 0. 02 -2. 68 -1. 60 -0. 41 -3. 43 1. 10
9 0. 24 -2. 30 -2. 48 -0. 42 -3. 24 1. 19
10 0. 23 -2. 43 -1. 80 -0. 91 -3. 33 1. 24
Table 3.4
Print SID Actual Distance Ranking
A 1. 60 0. 17 + - 0.46 2
B 1. 00 -2.67 + - 0.35 5
C 1. 20 -1-63 + - 0.45 4
D 1. 40 -0. 58 + - 0.33 3
E 0.80 -3. 38 +- 0. 17 6
F 1.80 1.09 + - 0. 19 1
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RESULTS FOR PRINT: COMBINATION 1
Table 4. 1 Paired Comparison Data, Total Judges - 10
A vs. B 1 -2 -2 -3 -3 -3 2 -2 2 -4
A vs. C 2 2 4 5 3 4 2 3 4 4
A vs. D 3 4 2 5 1 3 -2 6 3 3
A vs. E 5 2 5 6 2 3 1 4 6 5
A vs. F -1 -3 -3 -3 -2 -3 -2 -7 -3 -3
B vs. C 6 2 3 5 2 5 1 6 6 4
B vs. D 3 5 4 4 4 4 4 5 4 8
B vs. E 9 2 4 7 4 4 1 8 9 7
B vs. F -3 -1 -2 -1 -1 2 -1 -1 -2 -1
C vs. D -1 -3 -1 -3 -4 -3 -4 -1 -1 1
C vs. E 4 1 2 3 2 4 1 6 5 2
C vs. F -5 -3 -6 -7 -2 -6 -1 -5 -6 -5
D vs. E 3 1 -2 3 -3 -3 3 2 3 2
D vs. F -4 -5 -4 -9 -4 -5 -3 -a -6 -7
E vs. F -6 -4 -6 -7 -2 -6 -2 -5 -a -6
Table 4.2 Actual Distance from A = [LEAST] X [DISTANCE]
No. B C D E F
1 0. 67 -3. 33 -2. 67 -6. 17 1. 50
2 1. 17 -2. 00 -2. 17 -2. 17 2. 17
3 0. 83 -3. 00 -2. 83 -3. 50 1. 67
4 1. 33 -4. 50 -3. 67 -6. 00 2. 83
5 1. 83 -1. 67 -1. 50 -1. 33 1. 67
6 0. 33 -1. 33 0. 17 -1. 50 1. 33
7 2. 33 -3. 00 -2. 67 -3. 00 2. 33
a 2. 67 -2. 17 -3. 33 -4. 83 3. 67
9 0. 50 -4. 00 -3. 50 -7. 17 2. 17
10 2. 83 -2. 50 -3. 67 -4. 50 2. 83
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Table 4. 3 Related reading calculated from regression line
No. A B C D E F
1 0. 00 0. 67 -3. 33 -2. 67 -6. 17 1. 50
2 0. 82 1. 17 -4. 22 -4. 51 -4. 51 2. 87
3 -0. 10 1. 04 -4. 22 -3. 99 -4. 91 2. 19
4 -0. 26 0. 86 -4. 05 -3. 35 -5. 31 2. 12
5 -1. 31 2. 59 -4. 87 -4. 51 -4. 15 2. 25
6 -1. 15 -0. 14 -5. 24 -0. 63 -5. 76 2. 93
7 -0. 83 2. 07 -4. 57 -4. 16 -4. 57 2. 07
a -1. 06 1. 36 -3. 03 -4. 09 -5. 45 2. 27
9 0. 01 0. 43 -3. 34 -2. 92 -6. 00 1. 83
10 -0. 86 1. aa -3. 28 -4. 41 -5. 22 1. 88
Table 4. 4
Print Actual Distance Ranking
A SID=1.2 -Q.G4 + - 0.48 3
B SQF=100 1. 19 +- 0.77 2
C SQF= 70 -4.01 +- 0.71 5
D SID=0. a -3.52 +- 1.15 4
E SQF= 50 -5.20 +- 0.63 6
F SID=1.6 2. 19 +- 0.42 1
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RESULTS FOR PRINT: COMBINATION 2
Table 5. 1 Paired Comparison Data, Total Judges - 10
A vs. B 2 2 1 3 1 2 2 3 3 2
A vs. C -5 -6 -3 -4 -4 -3 -4 -4 -4 -6
A vs. D -3 -4 -2 -2 -2 -1 -4 -1 4 -2
A vs. E 4 2 -1 4 2 2 3 4 3 4
A vs. F -1 -2 -1 1 1 -2 -2 -1 -1 -3
B vs. C -5 -6 -4 -6 2 -3 -4 -a -5 -6
B vs. D -4 -3 -2 -7 -3 -1 1 -6 -6 -5
B vs. E 3 1 2 3 2 1 2 2 2 2
B vs. F -3 -2 -1 -3 -2 -1 -3 -5 -4 -4
C vs. D 2 3 3 3 2 2 3 2 1 3
C vs. E 8 4 5 9 4 3 3 9 4 7
C vs. F 2 5 3 6 3 2 2 2 4 4
D vs. E 6 3 3 6 3 1 5 7 7 5
D vs. F 1 3 2 3 2 1 1 1 3 1
E vs. F -5 -4 -2 -7 -3 -2 -4 -5 -6 -6
Table 5.2 Actual Distance from- A = [LEAST] X [DISTANCE]
No. B C D E F
1 -1.33 4. 17 2.50 -3.83 1. 50
2 -0. 07 5. 33 3.00 -1. 00 1. 33
3 0. 00 4. 00 2.00 -0.83 0.83
4 -3.00 4.33 2. 17 -5. 17 -0.33
5 0. 00 2. 17 1.67 -2.00 0. 17
6 -0.67 2.50 0.67 -1. 17 0.67
7 -0. 17 3. 50 1.83 -2.00 1.83
a -3. 50 4.00 2.00 -4.67 1. 17
9 -3. 50 2. 17 1.00 -4.50 -0. 17
10 -1.67 5. 17 2.50 -3. 17 2. 17
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Table 5. 3 Related reading calculated from regression line
No. A B C D E F
1 0. 00 -1. 33 4. 17 2. 50 -3. 83 1. 50
2 1. 36 -1. 45 5. 58 2. 54 -2. 67 0. 37
3 -1. 27 -1. 27 5. 80 2. 27 -2. 73 0. 20
4 0. 79 -1. 78 4. 49 2. 64 -3. 63 0. 50
5 -0. 18 -0. 18 4. 22 3. 21 -4. 23 0. 17
6 -0. 28 -1. 84 5. 56 1. 29 -3. 01 1. 29
7 -0. 74 -1. 00 4. 49 1. 99 -3. 73 1. 99
a 0. 65 -2. 43 4. 16 2. 40 -3. 45 1. 68
9 1. 45 -2. 55 3. 94 2. 60 -3. 69 1. 26
10 -0. 29 -1. 88 4. 63 2. 09 -3. 31 1. 77
Table 5. 4
Print Actual Distance Ranking
A SID=0. a -0. 12 +- 0.85 4
B SQF= 70 -1.57 +- 0.66 5
C SID=1.6 4.70 +- 0.65 1
D SID=1.2 2.35 +- 0.48 2
E SQF= 50 -3.43 +- 0.48 6
F SQF=100 1.07 +- 0.66 3
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RESULTS FOR PRINT: COMBINATION 3
Table 6.1 Paired Comparl son Data, Total Judges - 10
A vs. B -5 -2 -1 -2 -3 -2 -6 -3 -4 -4
A vs. C -3 -1 -1 -4 -3 -1 -1 -2 -6 -2
A vs. D 3 2 1 2 3 2 4 3 2 2
A vs. E -2 1 -1 -3 -3 -2 3 2 -2 -1
A vs. F -5 -3 -3 -6 -5 -3 -2 -4 -a -6
B vs. C 1 2 -1 -2 -6 -1 3 1 -2 2
B vs. D 8 3 2 4 6 4 4 4 5 6
B vs. E 2 3 2 1 2 3 4 2 2 2
B vs. F -3 -2 -2 -4 -a -2 -1 -1 -2 -2
C vs. D 4 2 1 4 5 -3 2 -5 a 3
C vs. E 2 1 1 2 3 3 3 2 l 2
C vs. F -3 -3 -3 -3 -4 -3 -4 -3 -3 -4
D vs. E -3 1 -2 -3 -3 -2 -1 -3 -3 -3
D vs. F -6 -2 -3 -7 -8 -3 -5 -7 -10 -7
E vs. F -5 -4 -4 -4 -7 -5 -5 -2 -3 -6
Table 6.2 Actual Distance from A = [LEAST] X [DISTANCE]
No. B C D . E F
1 4. 17 2. 83 -2. 00 1. 33 5. 67
2 1. 83 0. 33 -0. 83 -1. 17 2. 83
3 1. 17 1. 00 -0. 07 0. 17 3. 33
4 2. 33 3. 67 -1. 17 2. 00 6. 17
5 1. 33 4. 00 -2. 33 0. 83 7. 17
6 2. 00 0. 83 -0. 33 -0. 17 3. 67
7 3. 00 0. 17 -2. 33 -2. 00 3. 17
a 2. 17 -0. 17 -1. 33 -0. 17 3. 50
9 4. 17 5. 33 -1. 67 2. 83 7. 33
10 3. 83 2. 00 -1. 67 0. 83 6. 00
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Table 6. 3 Related reading calculated from regression line
No. A B C D E F
1 0. 00 4. 17 2. 83 -2. 00 1. 33 5. 67
2 0. 95 4. 79 1. 65 -0. 79 -1. 50 6. 83
3 -0. 33 2. 59 2. 17 -0. 50 0. 10 7. 98
4 -0. 50 2. 19 3. 73 -1. 85 1. 81 6. 62
5 0. 25 1. 52 4. 06 -1. 96 1. 04 7. 08
6 0. 03 3. 97 1. 66 -0. 62 -0. 31 3. 27
7 1. 54 5. 62 1. 78 -1. 62 -1. 17 5. 85
8 0. 85 4. 59 0. 56 -1. 44 0. 56 6. 88
9 -0. 61 3. 02 4. 03 -2. 06 1. 85 5. 77
10 0. 11 4. 06 2. 17 -1. 61 0. 97 6. 30
Table 6. 4
Print Actual Distance Ranking
A SQF= 70 0.23 +- 0.65 5
B SQF=100 3.65 ?- 1.22 2
C SID=1.2 . 2.46 +- 1. 11 3
D SQF= 50 -1.44 +- 0.56 6
E SID=0.8 0. 47 +- 1. 11 4
F SID=1.6 6.22 +- 1. 19 1
